This paper addresses the issue of price negotiation between a municipality and a private water utility operator, and its implications for residential water demand estimation. Because negotiated price may depend on municipality's specific characteristics, competing forms of price endogeneity have to be considered when using panel data. The impact of variables such as average income, housing and system features is investigated both on municipal consumption and price. We use efficient procedures to estimate a water demand equation on a panel of French municipalities. Estimated price and income elasticities are significant and close to previous, household-level studies.
INTRODUCTION
It is well recognized that estimating household demand for residential water is a prerequisite for any water resource policy design. In cases where water resources are scarce and conflicting uses are consequently more acute, it is important for the environmental regulator to assess properly the expected changes in water consumption, following price or quota policy schemes. Even though residential water demand may not appear the most important element in total water consumption, public opinion is becoming more concerned with possible periods of restriction in use, as well as trends of increasing water prices throughout Europe and the US.
Many empirical papers are dealing with estimation of residential water demand, most of them in the U.S. Unfortunately, empirical results on important figures such as price and income elasticities are very heterogeneous and remain often sensitive to econometric specification. Three problems are not completely resolved yet in most cases. First, accurate data on prices paid (both average and marginal) are not always available to the researcher, hence making it difficult to draw relevant inference on consumers' behavior. Second, demand shifters such as climatic and sociodemographic variables should be included in these models. Third, when panel data are available, it is not always the case that the additional information provided by pooling cross-sections with times series is fully exploited by empirical researchers. In particular, it is important when using panel data to assess the exact nature of price endogeneity in the consumption equation. As it stands, endogeneity of water price may be caused either by instantaneous consumption entering average price, or correlation between price and unobserved heterogeneity (individual effects), or both. Incorrect model specification often leads to severe biases in demand elasticities. When average or marginal price is correlated with individual effects in panel data, it may be the case that private water utilities charge residential water prices depending on local communities' characteristics such as average revenue, liabilities, or population density.
Hence, a possible cause of endogeneity of price in the demand equation is that the perhead water consumption incorporates an unobservable individual effect. The latter can be considered the unpredictable part of the consumption, in the sense that it is not captured by explanatory variables introduced by the econometrician in the demand equation. If this individual effect is correlated with price for water, be it marginal price or average price, then parameter estimates are likely to be biased. The economic argument behind such a correlation is the following. When negotiation takes place between the operator and the municipality, two major variables are decided upon. First, the operator has to supply a determined level of drinkable water to consumers in the community. Second, the price charged depends not only on the system technical features, but also on expected, long-run per head water consumption. It is important to note at this point that the price for water supply and treatment is decided upon by taking into account all possible uses by the community, i.e. not only residential water use, but also industrial and municipal uses. This is because industrials and municipal authorities will also be taking advantage of the water system. When a price regime is agreed upon, yearly changes in the marginal price may occur because of technical features affecting the marginal cost of producing and delivering water to consumers from facilities. The important aspect we stress however, is that the price regime remains effective in the future. Similarly, per-head consumption moves around the expected longrun level, because of income variations, local migrations, etc. Consequently, from an empirical point of view, we may treat the unobservable component in the per-head consumption as an individual effect for the local community. Endogeneity in the price of water may therefore be present due to the possible correlation between the community-related price component, and the community-dependent per-head consumption component.
The methodology of estimation proposed in the paper allows for a simple test for the existence of a negotiation-driven price regime, which depends on some unobserved component in the perhead consumption.
Another aspect of residential water demand worth investigating is the influence of metering on individual consumption. In a situation where water is charged through a fee which is 4 computed on the basis of housing and/or household characteristics alone, it is likely that an optimal use of the resource is not encouraged. On the other hand, when considering relatively more significant marginal prices for water, the fact that actual water consumption is directly charged to the individual consumer may provide the latter with enough incentives to reduce his consumption, or at least converge to an optimal regime for consumption. This consideration is of course related with moral hazard issues, in the sense that it is difficult to determine what contribution the consumer has in total consumption of the housing. Given data on individual housing density, as opposed to collective housing, it is possible to test for this metering effect. This paper makes several contributions to the empirical literature on residential water demand. First, we discuss the issue of price negotiation between the municipality and the private operator, and its implications for residential water demand estimation. Second, we use adequate consistent and efficient estimation procedures for the case of water demand with panel data.
Those instrumental-variable estimators have been but very rarely employed in the literature on water demand.
The paper is organized as follows. Section II gives an overview of the literature on the estimation of residential water demand. In Section III, we present a simple and intuitive economic model of price setting and household demand for water. As this model will be estimated and tested on French data for local communities, we introduce the section by a brief description of water utilities in France. Data used, econometric methods, and estimation results are presented in Section IV. Section V concludes.
II. OVERVIEW OF THE LITERATURE
The pioneering studies on residential water demand (Howe and Linaweaver, 1967; Gibbs, 1978; Danielson, 1979; Foster and Beattie, 1979) were mainly devoted to the US, where some regions had been affected by periods of severe drought. As a consequence, economists have been asked to look for the best way to regulate the demand side. Solutions include in particular rationing of distributed water, education programs, awareness campaigns, and multi-part pricing policies or increases in flat-rate prices. The 1980's experienced an important increase in the number of residential water demand studies (Billings, 1982; Schefter and David, 1985; Nieswiadomy and Molina, 1989 among others) , showing a larger interest in economic analysis and econometric methods. Researchers in the current decade (Point, 1993; Hansen, 1996; Agthe and Billings, 1996; Renwick and Archibald, 1997; Höglund, 1997) emphasize new insights such as adoption by households of low-flow equipment, welfare consequences of a price regulation and case studies of European countries.
Economists have always largely agreed on the variables to introduce in the water demand function. The consensus is that, water having no close substitute in consumption goods, the only price entering the demand function should be the price of water. However, Hansen (1996) shows that in countries like Denmark where most of the residential water is heated (70% in Copenhagen), the price of energy should also be considered. Price is not the only variable affecting water consumption. Income, size of the household, house features (age of housing, garden acreage, number of cars, domestic and sanitary appliances), weather variables may have a non negligible influence.
If the choice of variables entering the water demand function has not led to much debates among authors, consensus is still difficult to obtain on multiple-block pricing. In a multiple-rate tariff framework, the consumer has to pay a fixed charge and a marginal price by cubic meter depending on his level of consumption. It leads to a non linear budget constraint and a non linear 6 and a non differentiable demand function. In addition to the difficulties of deriving a demand function, researchers disagree on the proper specification of the price variable. The consumer faces few pricing blocks and consequently, few prices: the marginal price within each block and the average price defined as total water expenditure divided by total water consumption. The assumption of perfect information for the consumer advocates the introduction of the whole price system in the demand function. However, some authors are suspicious about consumers having perfect knowledge of the price system. Most models therefore either specify the average price or the marginal price corresponding to the selected block, sometimes adding, following Nordin (1975) and Taylor (1976) , the « difference variable ». Specific to the multiple-part pricing, the difference variable is defined as the difference between what the consumer actually pays and what he would have been charged if all consumption units were charged at the marginal price of the last unit of consumption. This difference variable should represent the income effect embedded in the pricing schedule, an increasing tariff being seen as a tax on the first units purchased, whereas a decreasing one simulates a subsidy. The coefficient of the difference variable should then be equal in magnitude but opposite in sign to the coefficient of income. The TaylorNordin price specification has received wide acceptance despite the fact that the previous statement has been rarely verified, except in Schefter and David (1985) on simulated data.
The correct specification of consumer behavior when facing multiple-block pricing refers to Burtless and Hausman (1978) and Moffitt (1986 Moffitt ( , 1990 . These authors propose a two-stage model in which the consumer first selects the block, and then maximizes his/her utility subject to a budget constraint. Hewitt and Hanemann (1995) are among the rare authors to use this kind of two-step model in water demand studies. To simplify the expression of the demand function, researchers often only consider the block where most consumers are located (a selection bias can emerge) or simply omit the choice of the block by the consumer (can lead to a simultaneity bias because the consumption depends on price but price depends also on block and so on quantity).
Multiple-rate pricing consequently renders the economic analysis difficult: not taking into account the specificity of the pricing structure can generate two kinds of bias and a whole description of the consumer choice heavily rests on the perfect information assumption and makes the econometric treatment more difficult.
Econometric methods are often discussed in water demand studies. The question of endogeneity clearly emerges when researchers choose to introduce as a regressor the average price of water. Depending largely on total water consumption, it can produce a bias of simultaneity because total water consumption is encountered in the two sides of the equation. If the orthogonality condition between the regressors and the error terms fails, Ordinary Least Squares (OLS) technique leads to biased estimates. The endogeneity bias should then be corrected by using Instrumental Variable (IV) estimators, which, together with simultaneous equations, are being more and more commonly employed in recent water demand studies. OLS and IV procedures are inappropriate techniques when the consumer's behavior is described by a two-stage model, or in the case of panel data. The two-step representation of the consumer's choice requires Maximum Likelihood (ML) estimation procedure whether panel data should be treated with specific methods.
To our knowledge, Höglund (1997) was the only one to use such techniques on panel data for Sweden.
Despite the difference among econometric methods and various kinds of available data (cross sections, time series, or both), economists generally agree that water demand, with respect to its price, is inelastic but not perfectly so. It seems also widely accepted that, in addition to price, variables such as income and size of the household have significant positive effects on water consumption. Table 1 presents a summary of the most often quoted studies, including details on data used, econometric methods, and the results in terms of price-elasticity.
Recent research on residential water demand emphasize new insights such as the possible complementarity between water and energy. Hansen (1996) shows that in Denmark, water demand is more sensitive to the price of energy than to its own price, due to the wide utilization of heated water. The study by Agthe and Billings (1996) is largely devoted to the adoption by households of new equipment such as low-flow faucets, low-flow shower-heads and drip irrigation for gardening. Endogenous technological change is also at the core of the Renwick and Archibald's (1997) paper. Highly desegregated data enable these authors to complete their study with some welfare analysis. In particular, they emphasize the higher sensitivity of low-income households to an increase in the price of water. Finally, numerous studies in the 1990's were devoted to European countries, e.g. France (Point 1993) , Denmark (Hansen 1996) , Sweden (Höglund 1997) .
Despite the relative similarity of results regarding the sign and magnitude of the price-elasticity of water demand for several types of data, economic assumptions and econometric methods should ideally be conducted using repeated survey data from individual households, with appropriate econometric methods.
III. ECONOMIC CONSIDERATIONS
One of the main purposes of studying residential water demand is the estimation of the price-elasticity of demand. This requires carefully designed econometric methods in order to produce unbiased parameter estimates, hence unbiased price-elasticity estimates. When estimating residential water consumption, one should pay a particular attention to the definition of price and the way it is determined. In the case of private companies operating water utilities through a contract with the municipality, the price (marginal and average price) is commonly the result of a negotiation between the municipality and the private operator. Price is decided for the whole contracting period and will largely depend on the expected consumption regime of the municipality. The fact that the price is not solely derived from a profit maximization rule but is the outcome of a negotiation makes the analysis of the local community residential water demand more complex. A full comprehension of the determination of the water price in a municipality is a prerequisite for correctly estimating the water demand function of this local community. In what follows, we describe in more detail the French context in terms of water service and the way price for residential water is negotiated upon.
THE FRENCH WATER MARKET
The French 36,551 municipalities are responsible before the law for the satisfactory operation of local water services (supply, treatment and sewage). National legislation requires that adequate (both in quantity and quality) water resources be supplied to every potential user in the local community. In practice, municipalities can decide to operate water utilities by themselves (possibly in association with other local communities) through a local, public water authority.
They may also prefer to delegate management of water services to a private company. In both cases, the local community may associate with others, especially when the community is small, to share a common water system or to benefit from economies of scale in operating some of the services.
It must be noted that the water system (main pipelines, service connections, reservoirs, treatment facilities,...) is still publicly owned by the municipality, even if it delegates operation and possibly investment in additional facilities to the private operator. Contract-based relationships between the municipality and the private operator are the rule, and conflicts are resolved through the prevailing legal system. There are no central regulation authorities concerned with managerial and legal aspects of water supply. On the other hand, local and national environmental protection agencies may control for environmental aspects related to the service (effluent emission standards in particular). The French system is therefore different from what is found in Great Britain and in the US. In Great Britain, all water utilities are now privatelyowned since the mid-1980's. Concentration in the water supply industry led to the creation of 10 major regional companies, that are regulated by an independent agency (OFWAT). The OFWAT designs a price-cap policy directed to all 10 private companies.
In the US, about 46 percent of water utilities were public, and about 28 percent were privately owned in 1992. Private utilities are subject to public regulation, through state commissions, boards or municipal governments, whereas most public water utilities are not subject to regulation. Public regulation objectives are to adequate and safe service to customers in the local community, and to ensure that service rates are reasonable and fair, given a reasonable efficiency of the system. To do so, public regulation authorities regularly control utility rates of return and base rates (see Beecher 1997 ).
In the case of France, it is well recognized that most municipalities prefer to delegate water services when they lack technical know-how and, above all, when their financial burden has become too acute. There are several reasons for this sharp increase in liabilities related to water services. First, deterioration in the quality of groundwater has led the government to impose more stringent quality standards. In order to comply with these standards on distributed water quality, municipalities may have to expand their treatment capacities, or invest in new ones. Second, the European Commission directives on water treatment and wastewater treatment plants require that the vast majority of local communities be properly equipped with such facilities before 2005.
Third, the 1992 French Water Act imposes new restrictions on the management of water services by local communities, in the form of a separation in the municipality budget between water services and the other services. Consequently, since the budget for water services has to be balanced, financial transfers from general community taxes or other revenues to these services become impossible. Hence, a private operator may be preferred to a purely public management option, even if the price of water may be higher as a consequence.
The two major private companies dominating the French water supply market are the « Compagnie Générale des Eaux » and « Lyonnaise des Eaux ». Table 2 presents the relative importance of private and public operators in French municipal water services in 1993.
PRICE NEGOTIATION BETWEEN MUNICIPALITY AND THE PRIVATE OPERATOR
When a private company is chosen by the municipality for managing and operating the water utility, the private firm and the local community decide on the price by mutual consent.
More precisely, the relationship between the municipality and the company, which has a local monopoly power is formalized by means of a contract. Considering negotiation on price for water, it is more adequate to refer to water « rate » rather than to water « price ». Indeed, the negotiation ultimately determines the whole rate structure, i.e. both the type of tariff (linear, twopart, increasing-blocks, decreasing-blocks) and the water price charged by unit consumed, for each class of users (farmers, households, industrials).
The municipality and the private operator agree on three different elements: a basic tariff, a formula for annual price revision, and clauses allowing for exceptional conditions. The basic 11 tariff and the formula for the price revision are determined a priori for the period of the contract.
A formula for annual price revision is necessary because the private operator bears operating costs that are affected by variations in input prices and productivity earnings. Moreover, it is also true that exogenous shocks on water demand may affect operating conditions (peak periods).
Consequently, the legislation has introduced the possibility of updating the contract terms when appropriate.
The negotiation between the municipality and the private operator is essentially directed on the determination of the basic tariff. The community's water service board and the private firm have to agree on a price policy that achieves budget balancing for the private operator, while remaining consistent with the orientation of the tariff policy chosen by the municipality. The budget-balancing requirement means that the price charged to water users has to cover both operating and investment costs. Fixed costs consist basically of water system features (system size, importance of leaks among others); variable costs depend essentially on actual water consumption. The prediction of future consumption levels hence plays an essential role during the negotiation. The second element is the orientation of the local tariff policy: the water rate structure and the price charged by unit of consumption are proposed by the municipality executives in charge of water services, according to the municipality objectives.
Let us consider some examples of tariff policies for residential users iii . First, a uniform tariff aims at ensuring equal treatment to all residential users. Second, a two-part tariff (a service charge corresponding to access to water supply, plus a price per unit of water consumed) is the closest picture of the costs incurred by the water service. The service charge corresponds to fixed costs supported by the operator, while the price per unit consumed corresponds broadly to Operation and Maintenance (O&M) costs proportional to water actually supplied and consumed.
This type of tariff, which reflects relatively well the expenses incurred for each customer supplied, meets the equity concern. However, in cases where the treatment and supply units reach a point of saturation, the two-part tariff fails to indicate to residential users that an increase in consumption would induce additional investment costs. Third, the proportional tariff (no service charge, and a constant price by unit consumed) is the simplest tariff for residential users. However, this system does not provide consumers with proper incentives. By fully reporting fixed costs on every unit of consumption charged, the proportional tariff does not accurately indicate the variation in costs induced by a variation in overall water consumption. Finally, the increasing tariff is sometimes advocated in that it better protects the water resource. It can also be recommended as a mean of redistributing incomes from consumers with a greater water consumption toward consumers with a more modest consumption.
We can easily imagine that municipality's policy orientations are implemented according to two major steps. First, global priorities are defined in terms of broad categories of users; the municipality may for instance favor residential water consumers, promote urban development, or encourage industrial settling in the community. Second, policy objectives apply within each category of users.
ECONOMIC MODELING
The determination of the basic tariff for residential users therefore reduces to a function of three variables: system features, expected water consumption, and objectives of the tariff policy. As choices made by municipalities depend on numerous factors, we consider that policy orientations are predominantly determined by some socio-demographic characteristics of the local communities. In other words, we assume that choices of the municipality and the private operator are made according to, for example, industrial activity, dominant activity (industry, farming) on the local community territory, population density, or the distribution of incomes in the municipality.
Let us introduce some notation. Socio-demographic community-related characteristics are denoted Z P , N are system features, C 0 is expected future residential consumption regime.
Define P P N C Z P 0 0 0 = ( , , ) as the basic tariff negotiated for the residential users. P 0 represents the whole price structure, including marginal price(s) and possibly fixed service charges. Finally, 13 let C t and P t respectively denote the actual consumption level and the rate for water (that is actually charged in the municipality) at time t.
Differences between P t and P 0 may occur in practice during the planning period, depending on two major categories of factors. First, from the supply side, future changes in input price levels need to be accounted for in the contract between the municipality and the private operator. A simple actualization rule is employed, letting changes in water price depend on input price indexes (labor cost, construction cost, energy,...) through a multiplicative coefficient applied to update price. Let k denote that revision (updating) coefficient. k is equal to 1 if no revision is necessary. Second, on the demand side, changes in future demand levels affect operating and maintenance costs as well, even if input price are unmodified, simply because the scale of activity is modified. Such a change in demand is reflected in the gap between actual consumption C t and the expected consumption regime, C 0 . At every period t, price has to adapt (even slightly) to the change in demand around the consumption regime C 0 , so as to equate instantaneous marginal cost of the service with marginal price for water.
Price P t thus reads:
where the first term is the price regime, possibly modulated by input cost changes if k is different from 1. The second expression in the right-hand side above accounts for the modification due to a change in demand from the expected consumption regime. Note that since P 0 is a price structure, not a single price measure, it is clear that changes in P t will affect both marginal price and possible fixed service charges.
As explained above, determinants of the municipal price policy are numerous and sometimes complex. Municipal choices may be influenced by other elements such as local lobbies or the water service existing liabilities. It is also true that these choices are likely to be related to socio-demographic variables of the municipality. Using socio-demographic, municipality-related variables to proxy determinants of the price policy is certainly a necessary simplification in the 14 absence of more accurate data. Let u denote the part of the price regime unexplained by the Z P variables, so that price charged at time t to residential users becomes
When negotiating on a contract for water services, both the municipality and the private operator have to make the best prediction of the consumption regime for the next years, and try to anticipate the consumption of each class of users. We focus here only on the residential users' consumption regime C 0 , assumed to be largely determined by some of the characteristics of the local community such as average income in the municipality, average housing size, type of housing (individual or collective housing), average housing equipment. Let Z C denote such municipality-related characteristics, so that C
At each period t, actual consumption C t deviates from the expected consumption regime. These differences can be due to severe climatic conditions, a non expected variation of income or may follow from local migrations. Let X t denote these household-dependent variables, so that actual consumption at time t is
As in the price equation, we have to specify an individual termα representing the consumption regime that is not explained by variables Z C .
The final model specification is: Also, some variables omitted from the price regime equation could be as well omitted from the consumption regime equation. As a consequence, α and u would be correlated. Suppose for example that the local community has the objective of promoting industrial developments in its local area. This could have as a consequence, when negotiating the contract, a policy of cross subsidies favoring industrials and penalizing residential users, thus affecting the price regime for domestic consumers. On the other hand, the settlement of new industries could lead to a growing local population, hence to a higher, unexpected consumption regime for the local community.
To conclude this section, it is essential to keep in mind that the price (either average price or marginal price) is not exogenously given to the municipality. The local community, because of its expected-consumption regime, its specific socio-demographic characteristics and possibly pressure groups influence the price which is then charged to its consumers. An important consequence is that, when focusing on the estimation of residential water demand, some variables could simultaneously enter the price function and the consumption function. This may lead to biased estimates if such a simultaneity is not taken into account.
IV. EMPIRICAL APPLICATION

DATA DESCRIPTION
We use a panel data sample of 116 local communities in eastern France, on the period 1988-1993 (T, the number of time periods is 6). These 116 municipalities are supplied by the Compagnie Générale des Eaux, a major private operator (see Section III), which provided us with annual records on aggregate residential consumption (by local community), detailed prices and various technical data on water system features. In the area considered, multiblock pricing only applies to industrials. Consequently, the price policy corresponds to a two-part tariff. For each of the 116 local communities, socio-economic information is obtained from the 1990 French census (INSEE 1994) . Temperature and rainfall measures are collected from the local meteorological authority (Meteo-France). Summary statistics for variables are presented in Table 3 .
Before estimating the residential water demand function, we test for the assumption that the price regime is influenced by the system features and the socio-economic variables. We therefore use both marginal price and average price to test for this influence. Equation (4) 
where u i and u it are the community-specific and econometric, time-varying residual respectively.
The main component of the price charged at date t is the basic tariff P i 0 and we assume that the component P(C it ) is negligible in the current water price and thus can be included in the last error term u it . The form of the basic tariff function being unknown, we assume a linear form.
We therefore estimate the following equation:
P it is either marginal or average price of water in community i at time t ; N it is the vector of water system features, including both the number of service connections (CO) and the number of leaks detected (LEA). The Z i -vector includes the population density (DEN), the industrial activity rate (ACT), the proportion of private housings (HOU), the proportion of recent housings (H82), and the average household income (I).
Estimation results for the average price case are presented in Table 4 . Similar results were obtained with the marginal price as the dependent variable and are not reported here. Estimated standard errors are computed using the White heteroskedasticity-consistent variance-covariance matrix.
It can be seen that income and the proportion of recent housings have a significant and positive effect on price charged in average on the period, in each local community. We therefore find evidence that there is a significant influence of some socio-economic characteristics of the local community on the water price charged in this community. The number of leaks detected, a variable which reflects the magnitude of maintenance and replacement costs, has also a positive effect on price. Consequently, endogeneity of both marginal and average price has to be checked carefully when estimating the residential water demand function.
ESTIMATING DEMAND : PANEL DATA ECONOMETRIC METHODS
The residential water demand consumption equation to be estimated is
where C it represents water consumption in the local community i at time t;
X it is a vector of demand shifters including the price of water, some socio-economic and climatic variables, depending both on local community and the period;
C is a vector of community-specific socio-economic variables; α i is the unexpected water consumption regime and η it is the usual econometric residual.
As discussed in section III, the municipality-specific consumption regime is explained by variables Z i C , and deviations from this regime are determined by demand shifters X it . The α i and η it error terms are assumed to have both zero mean. 
where QX = X it − X i { } for all i and all t and the resulting HT estimator iŝ
HT is the vector of parameter estimates corresponding to initial parameters ( ) intuition behind this estimator is that, if X 1 is exogenous in the sense that we have E(X 1it α i ) = 0 ∀i , then the individual effect α i should also be uncorrelated with X 1 at every time period (i.e. before and after the current period considered). argument for this estimator is stronger than for the AM estimator. BMS argue that if endogeneity is caused by a correlation between explanatory variables X 2 and the individual effect only, then the components in X 2 that vary over time but are independent from individual effects are also valid instruments.
DEMAND ESTIMATION
We now estimate the residential water demand function defined in (7). The X-vector (regressors that vary over both i and t) consists of price variables (AP, MP), average taxable income (I) and the total amount of rainfall during the year and during the three summer months (TOTRAIN, RAIN) . The Z-vector of time-invariant (community specific) regressors contains all other socio-economic variables. All variables are in logarithmic form. Specific panel data methods will be employed in order to answer to five main questions:
1) Do consumers respond to average price or to marginal price for water ?
2) Are marginal and average prices exogenous or endogenous variables ?
3) Are there municipality-specific effects that have been omitted in the explanatory variables ?
4) Do socio-economic and climatic conditions have significant effects on water consumption ?
5) Does individual metering matter ?
In order to determine which price variable consumers respond to (marginal, average, both or none), we estimate the water demand function including a decomposed price variable, following Opaluch (1982) . The average price is decomposed into the marginal price and a second price variable equivalent to the average price less the marginal price. The price decomposition is, in our case, simplified because of the linear pricing structure. We have AP= MP + (AP-MP). The model estimated is thus of the form:
In a first step, we compute the tests described earlier to determine the appropriate estimator for model parameters. The first Hausman test checks for the exogeneity of the price variable. Within estimates are reported in Table 5 . In a second step, instrumental Within estimation is performed. The instruments chosen are exogenous time-varying variables: the number of service connections (CO), the number of leaks detected (LEA), the size of the water system (NET) and the two weather variables (RAIN, TOTRAIN) . The Hausman test statistic is 3.6, a value below the χ 2 (4) critical value at the five percent level of confidence (9.49). We thus conclude in favor of the exogeneity of the price variables.
A second Hausman test is performed to check for the presence of individual-specific effects. GLS estimates are reported in Table 5 . The Hausman test statistic is 61.9, which significantly exceeds the critical value for the χ 2 (4) at the five percent level of significance The three estimators are computed with the associated Hausman tests, in order to check for the exogeneity assumption and the validity of the instruments chosen in each case. We assume here that X 1 contains the average taxable income (I) and the two rainfall variables (RAIN and   TOTRAIN) ; all three variables are initially assumed not to be correlated with the individual error term α i . X 2 contains the price variables (MP and AP-MP) . Z 1 is assumed to contain all other socio-economic variables while Z 2 is assumed null. The Hausman test statistics reveal that industrial activity rate (ACT) is correlated with the individual error term. This variable is therefore eliminated from the instruments and included in the Z 2 -vector. One possible explanation for the endogeneity of this variable is that the activity rate is a proxy for the municipality liabilities; these liabilities are not available to us and are likely to be correlated with α i . After eliminating the activity rate from the matrix of instruments, all three Hausman tests confirm the correctness of our choices. We only report in Table 5 the BMS estimates, as they are the most efficient, and yield estimates that are numerically close to HT and AM estimates.
We now consider the tests proposed by Opaluch (1982) . The parameter associated to marginal price,β 1 , is -0.072 whereas the coefficient of the second price variable, β 2 is equal to -0.216 (see Table 5 ). Both are significantly different from zero. The test statistic associated with the equality restriction for these parameters is β 2 − β 1 
Estimation results for this model are presented in Table 6 . The five Hausman tests lead to the same conclusions as for Equation (8) that is, exogeneity of the explanatory variables and among them the average price of water, and the presence of local community-specific effects.
Exogeneity of average water price could appear surprising at first, but if we recall the result above concerning the high degree of correlation between marginal and average prices, the explanation is clear. The component of average price depending on total water consumption is negligible in regard to the marginal price.
Let us comment on the results concerning the other explanatory variables. We will consider parameters estimated by the BMS procedure, as this method allows for identification of all parameters and is the most efficient IV estimator. The parameter associated with average price is significantly different from zero. Consumers would respond to changes in the average price of water by lowering consumption by about 22% of the relative change in the average price. The price-elasticity of -0.22 is close to the value estimated by Point (1993) on France (-0.17).
Average taxable income has a statistically significant positive effect on the consumption of water (around 0.1). It is important to note that the local communities in which the proportion of recent housings (built after 1982) is large use relatively less water, all other things equal. The explanation can be the lower age of existence of the system pipes, hence reducing the probability of leaks. The results also emphasize that local communities in which more housings are equipped with a bath tub consume much more water than communities where housings are more largely equipped solely with a shower or a washbasin. Hence, inside consumption seems to dominate in the total amount of water consumed. In other words, the share of water intended to sprinkling is small in this region of France. This fact can be related to the non-significant rainfall variable.
An interesting result concerns water meters. Living in an individual housing has a statistical significant negative effect (-0.44) on water consumption. The presence of individual water metering has therefore a non negligible influence. To this respect, many public and private operators in France have considered a generalization of water metering systems in the near future, to provide consumers with incentives for adequate day-to-day management of their water use.
OLS estimations are also performed on Equations (8) and (9). OLS coefficients are rather similar to the ones estimated by specific panel data methods. The reason is that, explanatory variables being exogenous, no bias of simultaneity occurs.
V. CONCLUSION
Many empirical papers dealing with the estimation of residential water demand largely document the endogeneity issue of average price in the demand equation. When using aggregate data on a panel of municipalities, it is important to determine precisely the source of price endogeneity, which may be due to local community effects. The way price is negotiated between the municipality and the private operator is an important determinant of water consumption trends, and it often depends on expected consumption regime at the local community level for the planning period. Consequently, socio-demographic variables appear both as water demand shifters and as determinants of the municipal price regime.
In the case of France, many water utilities are privately operated, though publicly owned. In that case, water price is negotiated between the local community and a private operator for a given planning period. Local community-dependent variables such as average income and average housing characteristics are determinant in the setting of price rates and contract terms.
This paper proposes a model of water price determination in the case of a private company operating a municipal water utility. We highlight in particular the importance of expected consumption per head within the municipality in the price policy adopted. The model is estimated using a panel sample of French municipalities. Estimation results indicate that households respond to both average and marginal prices, with a significant but low price elasticity of -0.22 in the case of average price. A significant income effect is also found, with an income elasticity estimated at 0.1. Furthermore, residential water consumption is significantly lower when individual housing with meter recording is dominant. This result advocates for the development of water metering in collective housings.
As far as policy implications for regulating the demand side are concerned, it is not immediate that a price policy would induce a substantial reduction in residential consumption. iii The 1992 Water Act also prohibits a lump sum fee to be charged to residential consumers.
